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S U M M A R Y  
P e r f o r m a n c e  tests w e r e   m a d e   o n  a pa ra l l e l  p l ane  va r i ab le  
s p a c e d  c o n v e r t e r .  T h e  emitter had a ch lo r ide  vapor  depos i t ed  
tungs t en   (CVD-W)   l aye r  0. 020- inch   th ick   which   was   po lycrys ta l l ine  
b u t   w i t h   a l m o s t   p e r f e c t   p r e f e r r e d   o r i e n t a t i o n   w i t h   t h e   ( 1   1 0 )   c r y s t a l  
p l anes  pa ra l l e l  t o  t he  bu lk  su r face .  The  co l l ec to r  was  po lyc rys t a l l i ne  
n iob ium (Nb) .  Be fo re  a s sembl ing  the  conve r t e r ,  t he  vacuum work  
function of t h e  e m i t t e r  w a s  4. 95  e l ec t ron  vo l t s  ( eV)  a t  220O0K. A f t e r  
a s s e m b l y  and  outgass ing ,  i t  measured  4. 9 9  eV.  Af t e r  admi t t i ng  the  
c e s i u m  ( C s ) ,  b u t  b e f o r e  o p e r a t i n g  t h e  c o n v e r t e r ,  t h e  m i n i m u m  w o r k  
function of t he  co l l ec to r  was  1 .  43 eV.  This  va lue  i s  low for  C s  on 
Nb. When  the  conve r t e r  was  t aken  apa r t  a f t e r  ope ra t ion .  the co l l cc to r  
had a th in  coa t ing  of e l e m e n t a l  W plus a s m a l l   a m o u n t  o f  n iob ium carb ide  
(NbC).  I t  i s  bel ieved that  C o r ig ina t ed  f rom conver t e r  con tamina t ion  
and W o r i g i n a t e d  f r o m  t h e  e m i t t e r .  C e s i u m  on W probably gave the 
low work funct ion value of t h e   c o l l e c t o r .  
A t  a n  e m i t t e r  t e m p e r a t u r e  (TE)  of 1 6 7 3  K ,  the  out put power 0 
of th i s   conve r t e r   was   comparab le   w i th   t he  out put of a c o n v e r t e r  
p rev ious ly  measu red  wh ich  had an  iden t i ca l  emi t t e r !  bu t  a n ickc l  (Ni )  
co l l ec to r .  However ,  w i th  inc reas ing  emi t t e r  t empera tu res ,  t he  ou tpu t  
of t he  W(110) -Nb  conve r t e r  p rogres s ive ly  deve loped  less  output power 
t h a n  t h e  W ( 1 1 0 ) - N i  c o n v e r t e r .  C o m p a r i n g  t h e  J - V  c u r v e s  f r o m  t h e  
t w o   c o n v e r t e r s   s u g g e s t s   t h a t   t h e   d i f f e r e n c e   i n   o u t p u t  is d u e   t o   c o l l e c t o r  
work  func t ion  d i f f e rences .  Fo r  some  unknown reason ,  t he  work  func t ion  
of Nb  cove red  wi th  Cs  is h igher  than  for  Ni  at t h e   h i g h e r   C s   p r e s s u r e s  
and  fo r  t he  r ange  of c o l l e c t o r   t e m p e r a t u r e s   s t u d i e d  "850 to 1125 K. 0 
A f t e r  m e a s u r i n g  the output  a t  TE = 1673, 1770, 1865 and 
1963OK,  the  measu remen t s  a t  1673  were  r epea ted .  These  J -V  
c u r v e s   a g r e e   w i t h   t h e  first set t a k e n ;   t h e r e f o r e ,  a degrada t ion  wi th  
t i m e  of the W(110)  -Nb conve ' r ter  did not  occur .  A comple te  set of 
d a t a  f r o m  TE = 1673 to  2153OK was  taken .  Up to  1963OK t h e s e  d a t a  
r ep roduced  the  o r ig ina l  set. 
Based  on  l i gh t  mic roscope  obse rva t ions  of e t c h  p i t s  and 
f ace t s ,   x - r ay   d i f f r ac t ion   and   vacuum  work   func t ion   measu remen t s ,  
t he  two  emi t t e r s  appea r  ve ry  nea r ly  iden t i ca l .  However ,  t he  emi t t e r  
used with the N i  co l lec tor  gave  a l i t t l e   m o r e   e l e c t r o n   e m i s s i o n   u n d e r  
ident ical  condi t ions of TE and  T C s .  
A n u m b e r  of m e a s u r e m e n t s  of t h e   e l e c t r o n   e m i s s i o n   f r o m   t h e  
c o l l e c t o r  w e r e  m a d e  a t  a c o l l e c t o r  t e m p e r a t u r e  ( T C )  of about  800  K. 
These  were  made  be fo re  ope ra t ing ,  a f t e r  ope ra t ing  fo r  abou t  2 5  hour s  
and  ex tens ive ly  a f te r  100  hour s  of o p e r a t i o n  t o  t a k e  t h e  f a m i l i e s  of 
J - V  c u r v e s .  F r o m  t h e s e  m e a s u r e m e n t s ,  o n e  c o u l d  c a l c u l a t e  t h e  
co l lec tor  work  func t ion  for  a R icha rdson-Dushman   cons t an t  of 120. 
F rom  these   va lues ,   t he   co l l ec to r   work   func t ion   appea red   t o   va ry   w i th  
t i m e   a t   r o o m   t e m p e r a t u r e   a n d   w i t h   t i m e   a t   n o r m a l   o p e r a t i n g   c o l l e c t o r  
t empera tu re .  However ,  j udg ing  by  the  J - V  c u r v e s  t h e  c o l l e c t o r  w o r k  
func t ion  reached  an  equi l ibr ium va lue  a f te r  an  hour  or  two of s t e a d y  




This w o r k  is p a r t  of a con t inu ing   p rog ram  to   bu i ld   and  
o p e r a t e   t h e r m i o n i c   c o n v e r t e r s   w i t h   v a r i o u s   e l e c t r o d e   m a t e r i a l s   i n  
o rde r  t o  cha rac t e r i ze ,  eva lua te ,  and  iden t i fy  the  mos t  . p romis ing  
e l e c t r o d e  s u r f a c e s  f o r  c o n v e r t e r  o p e r a t i o n .  The d e s i g n  of the  test 
c o n v e r t e r  w a s  s t a n d a r d i z e d  i n  1 9 6 3 .  It p e r m i t t e d  a n  a c c u r a t e  d e t -  
e r m i n a t i o n  of t he   e l ec t rode   spac ing   and   u sed  a g u a r d   r i n g   t o  
a c c u r a t e l y  d e f i n e  t h e  c o n v e r t e r  area. The  gua rd  r ing  cou ld  be kept  
at  t he  same t e m p e r a t u r e  a n d  p o t e n t i a l  a s  t h e  c o l l e c t o r .  T h e  first 
six l ines  of Tab le  1 l i s t  t he  e l ec t rode  ma te r i a l s  and  the  spac ings  fo r  
s ix  conve r t e r s  bu i l t  acco rd ing  to  the  1963  des ign .  The  ou tpu t  power  
fo r  t hese  conve r t e r s  was  cons i s t en t ly  h igh  and  va r i a t ions  in  ou tpu t  
power  could  be  expla ined  by  var ia t ions  in  e lec t rode  sur faces .  The  
e m i t t e r s  of t h e s e  c o n v e r t e r s  w e r e  p r e - h e a t e d  t o  2 5 0 0  C for  a half 
hour  and  a l l  o ther  par t s  of the  conver te r  were  hea ted  a t  l eas t  100°C 
h o t t e r   d u r i n g   p r o c e s s i n g   t h a n   t h e   o p e r a t i n g   t e m p e r a t u r e   f o r   e a c h  
pa r t .  
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In  1966,  under  NASA sponsorsh ip ,  the  program was  a l te red  
i n  t w o  r e s p e c t s :  ( 1 )  a m o r e  e l a b o r a t e  c o n v e r t e r  w a s  b u i l t  s o  tha t  
t he  e l ec t rode  spac ing  of each  conve r t e r  cou ld  be  va r i ed ,  and  ( 2 )  a 
m u c h   m o r e   i n t e n s i v e   p r o g r a m   t o   c h a r a c t e r i z e   t h e   e m i t t e r s   w a s  
inaugura ted .  The  NASA p r o g r a m ,  c o v e r e d  b y  T a s k  111 of C o n t r a c t  
NAS 3 -851   1 ,   began   wi th   the   f i r s t   var iab le   - spaced   d iode   t es ted  - -  
n a m e l y ,  i t e m  7 of Tab le  1. T h i s  r e p o r t  p r e s e n t s  t h e  emitter and 
c o l l e c t o r   p r e p a r a t i o n   a n d   t h e  test  r e su l t s   fo r   t he   vapor   depos i t ed  
(1 1 0 )  W emitter and Nb c o l l e c t o r   i n  a v a r i a b l e   - s p a c e d   c o n v e r t e r  
(item 10 of T a b l e  1). T h e  t e s t  r e s u l t s  a r e  d o c u m e n t e d  i n  t h e  r e f e r e n c e s  
l i s t ed   i n   t he  table. 
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TABLE 1 
Polycrys ta l l ine   Tungs ten  ( 1 )  
Polycrys ta l l ine   Rhenium ( 1 )  
Polycrys ta l l ine   Rhenium ( 2 , 3 , 4 )  
Polycrys ta l l ine  Tungs ten  
Polycrys ta l l ine   Tungs ten  (5) 
Tungsten-25 weight  percent  
Polycrys ta l l ine   Tungs ten  ( 7 ,  
( 4 ,  5) 
Vapor  Deposi ted  (100)   Tungsten  (110)   Etch ( 9 )  
Vapor   Deposi ted (1  1 0 )  Tungs ten  ( 1 0 )  
Vapor   Deposi ted  (1  1 0 )  Tungs ten  
Vapor  Deposi ted (112)  to  ( 1  1 4 )  Tungsten:::::: 
Vapor   Deposi ted  (1   10)  Tungsten:::::: 











WtW02 on  Nb 
Mo on Nb 
Spacing 
(Inches I 
0 .  005  
0 .  0 0 5  
0.002 
0 . 0 0 2  
0 . 0 0 2  
0 . 0 0 5  
0 . 0 0 1   t o  0.020::: 
0 . 0 0 1  t o  0 . 0 2 0  
0 . 0 0 5  
0 . 0 0 2  t o  0 . 0 2 0  
0 . 0 0 2  t o  0 . 0 2 0  
0. 0 0 5  t o  0 .  0 2 0  
2:: This  conver te r  d id  not  have  a guard r ing.  
::: R e p o r t  t o  be published. 
I 
The  vapor   depos i ted   W(110)   was   e lec t ropol i shed   to   expose  
t h e  i l l 0 1  p l a n e s  w h i c h  a p p e a r  t o  b e  t h e  m o s t  s t a b l e  a n d  t h e  m o s t  
r e -p roduc ib le  emi t t e r  su r f ace .  The  conve r t e r  of t h i s  r epor t  u sed  
s u c h  a n  e m i t t e r  s u r f a c e  w i t h  a Nb co l l ec to r .  By compar ing  the  
output of t h i s   conve r t e r   w i th   t he   ou tpu t  of a conve r t e r   w i th   an   i den t i ca l  
emi t t e r  bu t  w i th  a Ni  co l l ec to r ,  one  can  com-pa re  the  r e l a t ive  pe r fo r -  
m a n c e  of Nb and Ni a s  c o l l e c t o r  m a t e r i a l s .  
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T H E  TEST VEHICLE 
F i g u r e  1 s h o w s  a c r o s s  s e c t i o n  d r a w i n g  of t h e  t h e r m i o n i c  
c o n v e r t e r .  I t  i s  i d e n t i c a l  t o  t h e  c o n v e r t e r  of t he  p rev ious  
inves t iga t ion  and  i s  a p a r a l l e l   p l a n e   c o n v e r t e r   w i t h  variable spac ing .  
The  gua rd  and  co l l ec to r  may  be m a i n t a i n e d   a t   t h e  same t e m p e r a t u r e  
and  the  same potential .  
PREPARATION O F  T H E   E M I T T E R  
T h e   e m i t t e r   w a s  a d i s k  of G e n e r a l   E l e c t r i c   w e l d a b l e   g r a d e  
tungs ten  1 inch   i n   d i ame te r   and  1 /4 - inch   t h i ck   coa ted   w i th  a 0. 020-  
inch - th i ck  l aye r  of (110) or ien ted  W by a c h l o r i d e   c h e m i c a l   v a p o r  
deposi t ion.  Of the five emi t t e r  b l anks ,  two  had  c rys t a l  o r i en ta t ions  
wi th  the  ( 1 1 0 )  p l a n e s  v e r y  n e a r l y  p a r a l l e l  t o  t h e  b u l k  s u r f a c e .  A f t e r  
mechanica l ly  pol i sh ing  and  e lec t ropol i sh ing ,  these  two samples  were  
h e a t   t r e a t e d   i n   v a c u u m   f o r  a h a l f   h o u r   o r   m o r e   a t   2 5 0 0  C and  the  
work   func t ion  of e a c h   s a m p l e   w a s   m e a s u r e d   b y   t h e r m i o n i c   e m i s s i o n  
i n  v a c u u m .  T h e  e m i t t e r  u s e d  w i t h  t h e  N i  c o l l e c t o r  h a d  a w o r k  
funct ion ( 4 ~ )  of 4. 96 eV a t  220O0K. T h e  $E used  wi th  the  Nb 
c o l l e c t o r   ( s u b j e c t   c o n v e r t e r  of t h i s   r e p o r t )   w a s  4. 9 5   e V  a t  2200OK.  
F i g u r e  2 shows  work  func t ion  measu remen t s  a f t e r  a s sembl ing  and  
ou tgass ing  the  conve r t e r .  
0 
COLLECTOR WORK FUNCTION 
F i g u r e  3 shows the  work  func t ion  of t h e  c o l l e c t o r  a s  a 
funct ion of t h e  r a t i o  of T / T  T h e  d o t s  a n d  c r o s s e s  w e r e  m a d e  
at c o l l e c t o r  t e m p e r a t u r e s  ( T c )  of about  780°K and 810°K, 
r e spec t ive ly .  The  min imum work  func t ion  i s  abou t  t he  same  as  
fo r  Cs  on  Ni .  Fo r  compar i son ,  F igu re  4 i s  a r ep roduc t ion  of 
F i g u r e  3 of NASA CR -1033. Notice that the minimum work function 
fo r  Cs  on  Nb ,  i n  th i s  ca se ,  i s  1.  5 4  e V ,  w h e r e a s  i n  F i g u r e  3 i t  is 
1 . 4 3  e V .  W h e n  t h e  c o n v e r t e r  w a s  t a k e n  a p a r t  a t  t h e  c o n c l u s i o n  of 
c CS' 
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t h e  tests, it w a s   d i s c o v e r e d   t h a t  a film of W and a trace of NbC 
was on  the  co l l ec to r .  P re sumab ly  these films w e r e  d e p o s i t e d  
du r ing   t he   h igh   t empera tu re   ou tgass ing  of t h e   c o n v e r t e r .  
A g e n e r a l   d i s c u s s i o n  of the work  funct ion of c e s i a t e d   s u r f a c e s  
m a y  be i n  o r d e r .  T h e  l o w e r  v a l u e s  g i v e n  i n  F i g u r e s  3 and 4 a r e  
p r o b a b l y   t h e   r e s u l t  of t r a c e s  of oxygen on the co l lec tor   sur faces .  
S i n c e   i n   t h e r m i o n i c   c o n v e r t e r s  it is imposs ib l e  t o  f l a sh   t he   co l l ec to r s  
t o   h i g h   t e m p e r a t u r e s ,   i t   i s   i m p o s s i b l e   t o   g e t   t h e   s u r f a c e s   a t o m i c a l l y  
c l ean .  N icke l  fo rms  an  ox ide  l aye r  on  the  su r face .  In  gene ra l ,  t he  
work funct ions of oxides  a r e  h igher  than  for  the  cor responding  c lean  
me ta l s .  Fu r the rmore ,  t he  h ighe r  t he  work  func t ion  of a b a s e  m a t e r i a l  
i s ,  the  lower  i s  the  work  func t ion  of the  cor responding  ces ia ted  
s u r f a c e .  C e s i a t e d  N i  work  func t ions  f rom 1 .  36 t o  1. 43 eV have  been  
m e a s u r e d .  T h e s e  w e r e  p r o b a b l y  N i - 0 - C s  s u r f a c e s .  A t  t he  co l l ec to r  
o p e r a t i n g  t e m p e r a t u r e ,  Nb d o e s  n o t  f o r m  o x i d e  s u r f a c e  l a y e r s  b u t  
r a the r  oxygen  i s  d i s so lved  in to  the  metal. T h e r e f o r e ,  i t  i s  i m p r o b a b l e  
tha t  a N b - 0 - C s  s u r f a c e  i s  f o r m e d .  T h e  l o w  $c va lue  in  F igu re  3 i s  
poss ib ly  bc f o r  a W - 0 - C s  su r face .  Ces i a t ed  NbC would have a high 
w o r k  f u n c t i o n ;  t h e r e f o r e ,  t h e  t r a c e  of NbC apparent ly  did not  inf luence 
+c apprec iab ly .  
OUTPUT CHARACTERISTICS 
T h e   m i n i m u m   v a l u e  of $c of 1 . 4 3   e V   f o r   t h i s   c o n v e r t e r ,  
shown in  F igure  3 ,  sugges ts  tha t  the  output  vo l tage  should  be  s imi la r  
to  the  output  vo l tage  for  a conve r t e r  w i th  a s i m i l a r  emitter and a 
Ni  co l l ec to r .  The  open  c i r c l e  a t  t he  l e f t  of F i g u r e  5 r e p r e s e n t s  
the output  for  one of the  first runs.  Indeed,  the output  is  a s  e x p e c t e d .  
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However ,  2s TE w a s  i n c r e a s e d ,  the output did not follow the output 
of t h e  W ( 1 1 0 ) - N i  c o n v e r t e r  b u t  b e c a m e  p r o g r e s s i v e l y  l o w e r ;  This 
is ind ica t ed  by  the  open  circles.  The  co l l ec to r  work  func t ion  was  
r e m e a s u r e d   t o  see i f  t he  conve r t e r  was  chang ing  its c h a r a c t e r i s t i c s .  
T h e s e  d a t a  a r e  s h o w n  by t h e  o p e n  c i r c l e s  of F i g u r e  3 ;  min. w a s  
still 1 . 4 3  e V .  T h e  c r o s s e s  of F i g u r e  5 r e p r e s e n t  s e l e c t e d  p o i n t s  
f r o m  a comple t e  set of J - V  cu rves   wh ich   a r e   g iven   i n   t he   Append ix .  
Apparen t ly   t he   conve r t e r   was   no t   chang ing   w i th  time of ope ra t ion ,  
b u t   f o r   s o m e   r e a s o n   a s  TE is i n c r e a s e d  t h i s  c o n v e r t e r  p r o d u c e s  
less  output  vo l tage  than  does  the  Ni  co l lec tor  conver te r .  
A difference.  in work function of the col lector  shows up in  
the  J-V c u r v e s  a s  a d i f f e rence  in  ou tpu t  vo l t age ,  pa r t i cu la r ly  a t  t he  
l o w e r  c u r r e n t  d e n s i t i e s  ( f r o m  5 t o  1 0  a m p e r e s / c m  ). F r o m  
F i g u r e s  6 ,  7, and 8 ?  i t  appea r s  t ha t  t he  r e l a t ive  improvemen t  wi th  
i n c r e a s i n g  T E  of the  conve r t e r  w i th  the  Ni  co l l ec to r  i s  p r imar i ly  
due  to  a re la t ive ly  lower  co l lec tor  work  func t ion .  
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A l s o  i n  F i g u r e s  6 ,  7, and 8 i t  may  be  no t i ced  tha t  t o  ma tch  
t h e  c u r r e n t  d e n s i t i e s  of t he  two  W(110)  emi t t e r s  a t  V = O ,  one would 
need  to  ope r a t e   t h e   W ( 1 1 0 ) - N b   c o n v e r t e r   a t  a C s  r e s e r v o i r  
t e m p e r a t u r e   a b o u t  lOoK higher   than   tha t   for   the   W(   110)-Ni   conver te r .  
B y  v i sua l  obse rva t ions  in  a mic roscope ,  by  x - ray  d i f f r ac t ion ,  and  by  
w o r k  f u n c t i o n  m e a s u r e m e n t s ,  t h e s e  t w o  e m i t t e r s  a p p e a r  v e r y  n e a r l y  
iden t i ca l ;  however ,  t he  emi t t e r  u sed  wi th  the  Ni  co l l ec to r  appea r s  
to  g ive  a l i t t l e  m o r e  e l e c t r o n  e m i s s i o n  u n d e r  i d e n t i c a l  c o n d i t i o n s  of 
TE and Tc-. T h i s  d i f f e r e n c e  i s  b e l i e v e d  t o  b e  a d i f fe rence  in  the  
ou tgass ing .  Poss ib ly  the  conve r t e r  w i th  the  Ni col lector  contained 
a n  e x t r e m e l y  s m a l l  a m o u n t  m o r e  o f  Oz t han  the  o the r  conve r t e r .  
P e r h a p s  t h e  Nb c o l l e c t o r  a c t s  a s  a g e t t e r  t o  c l e a n  u p  t h e  02; 
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however ,  i t  is m o r e  p r o b a b l e  t h a t  t h e  e n t i r e  p r o c e d u r e  f o r  a s s e m b l y ,  
outgassing and introducing the Cs  n e e d s   t o  be improved  be fo re  pe r fec t  
r e p r o d u c i b i l i t y  f r o m  o n e  c o n v e r t e r  t o  a n o t h e r  c a n  be achieved .  This  
o b s e r v e d   d i f f e r e n c e   i n   t h e s e   t w o   c o n v e r t e r s   c o u l d  be caused   by  a 
d i f f e rence  of a v e r y   s m a l l   f r a c t i o n  of a monolayer  of  C s  cove rage  
o n   t h e   t w o   e m i t t e r s .  
F o u r   d a y s   a f t e r   t a k i n g   t h e   c o m p l e t e   s e t  of J - V  cu rves  g iven  
in  the  Appendix  which  requi red  about  100  h o u r s  of ope ra t ion ,  t he  
work funct ion of t h e   c o l l e c t o r   w a s   m e a s u r e d   a t  T c =  800°K and at 
i nc reas ing  TCs  va lues .  The  f i r s t  run  i s  shown as  so l id  c i rc les  in  
F i g u r e  9. F o r  c o m p a r i s o n  t h e  d a t a  t a k e n  a f t e r  2 5  hour s  of c o n v e r t e r  
ope ra t ion  a r e  shown as open  c i r c l e s .  A second  run  a t  T = 800°K 
seemed  to  change  QC. A s i n g l e  m e a s u r e m e n t  w a s  m a d e  on 
J a n u a r y  6 ,  1 9 6 9 ,  about  two weeks  la te r .  This  showed a work funct ion 
of 1 .  66 e V .  T h e s e  m e a s u r e m e n t s  s p a n n e d  a b o u t  t h r e e  w e e k s  a n d  
d u r i n g  t h i s  i n t e r v a l  t h e  c o n v e r t e r  w a s  n o t  o p e r a t e d .  T h e  e m i t t e r  
was  hea ted  occas iona l ly  to  abou t  900°K and  the  co l lec tor  to  8 0 0 ° K .  
It i s  apparent  tha t  the  work  func t ion  of the col lector  did not r e m a i n  
cons tan t .  Al though these  da ta  a re  p lo t ted  a s  a function of T C / T c s ,  
t h e  r a t i o  is v e r y  s u s p e c t .  At low c o l l e c t o r  a n d  e m i t t e r  t e m p e r a t u r e s !  
i t  is n o t  c e r t a i n  t h a t  t h e r e  i s  not a cool  par t  of t he  conve r t e r  t ha t  may  
a c t  a s  a s econdary  r e se rvo i r  and  g ive  an  e f f ec t ive  T lower  than  
measured  and  used  to  ca lcu la te .  the  quoted  TC/TCs.  Thus ,  the  
points  for  high values  of T C / T C s  a r e  t a k e n  f o r  v e r y  l o w  v a l u e s  of 
T C s .  C e s i u m  c o m i n g  f r o m  s u r f a c e s  i n s i d e  t h e  c o n v e r t e r  m a y  g i v e  
a C s  pressure  be tween the  e lec t rodes  h igher  than  would  be  a t  
equi l ibr ium wi th  the  l iqu id  Cs  a t  T C s .  T h u s ,  t h e  p o i n t s  t o  t h e  r i g h t  
m a y  b e  p l o t t e d  f o r  t o o  h i g h  v a l u e s  o f  T C / T c s .  
C 
c s  
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Although one  should  not  cons ider  se r ious ly  the  shape  of 
t h e s e   c u r v e s ,   i t   a p p e a r s   c e r t a i n   t h a t   t h e   w o r k   f u n c t i o n  of the  
co l l ec to r   va r i ed   w i th  time and  with a h e a t   t r e a t m e n t   a s   l o w   a s  
800°K. Dur ing  th i s  time, $c w a s  i n c r e a s i n g  a n d  a p p r o a c h e d  a 
va lue  cons i s t en t  w i th  a $ f o r  C s  on a p u r e  r e f r a c t o r y  m e t a l .  
The  conve r t e r  was  then  ope ra t ed  fo r  f ive  hour s  on J a n u a r y  9, 
1969,  a t  TE va lues  f rom 1770 to  196Z°K, T C s  v a l u e s  of 593 and 613OK, 
and  TC va lue  of 998OK. F igu re  10  shows  the  J - V  curve  change  in  
th i s  5-hour  in te rva l .  The  dashed  curve  of F igu re  10  i s  a r e p r o -  
duct ion of a c u r v e   f r o m   F i g u r e   A - 1 0   t a k e n   e a r l i e r   i n   t h e   t e s t i n g  
program.  Not ice  tha t  the  conver te r  in i t ia l ly  had  low output  
vo l tage  a t  5 and  10  Amps /cm ; but  during the 5 hours  of opera t ion ,  2 
the   ou tput   vo l tage   increased   about  0. 2 eV. 
The  next  day ,  $c w a s  m e a s u r e d  a g a i n .  T h e s e  d a t a  a r e  
shown as s q u a r e s  i n  F i g u r e  9. T h e  n u m b e r s  1 t o  4 indicate  the 
o rde r  i n  wh ich  the  po in t s  were  t aken .  Apparen t ly  $C was  inc reas ing  
while  taking the $C m e a s u r e m e n t s .  T h a t  is why no  c u r v e  w a s  
d rawn   t h rough   t hese   po in t s .  
One may speculate  that  a t  the beginning of the   5 -hour   run ,  
$c was  1. 66 eV but  decreased  dur ing  the  run  to  about  1 .46  eV.  The  
next   day it had   i nc reased   t o   abou t  1 .  58 eV  and   i nc reased   s t i l l   f u r the r  
as$c m e a s u r e m e n t s  r e p r e s e n t e d  b y  t h e  s q u a r e s  w e r e  t a k e n .  
T h e s e  q5c m e a s u r e m e n t s  w e r e  n o t  made a t  the  co l lec tor  
opera t ing  tempera ture ,  bu t  a t  about  ZOOo C lower .  Cons ide rab le  
work   has   been   done   i n   t h i s   l abo ra to ry   and   a t   t he   The rmo   E lec t ron  
Eng inee r ing   Company   t o   deve lop  a me thod   fo r   measu r ing  $c a t  
operat ing condi t ions and during operat ion.  Back emission and 
r e t a rd ing   p lo t   t echn iques   a r e   con fused   by   heavy   e l ec t r i ca l   d i scha rges .  
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B e c a u s e  c$c cannot  be measured  under  opera t ing  condi t ions  and  
b e c a u s e  c$c a p p e a r s  t o  change   wi th  time a t   r o o m   t e m p e r a t u r e ,   t h e  
plots of 4~ v e r s u s   T C / T C s  are confus ing  and  d i f f icu l t  to  in te rpre t .  
P robab ly   t he  best w a y   t o   i n f e r  4c a t   ope ra t ing   cond i t ions   i s   f rom 
the output voltage of t he  conve r t e r  a t  abou t  5 a m p e r e s / c m  . 2 
CONDITION OF THE  ELECTRODES  AFTER  OPERATION 
When   t he   conve r t e r   was   opened ,   t he  emitter w a s   v e r y   c l e a n  
and  showed la rge  gra ins  about  2 mm i n  d i a m e t e r .  A n  x - r a y  a n a l y s i s  
of t he   emi t t e r   gave   on ly   one   s t rong   r e f l ec t ion   a s   t hough   i t   were  a 
s ingle  c rys ta l  wi th  the  (110)  p lanes  para l le l  to  the  bulk  sur face ;  s o  
the  emi t te r  had  not  changed  i t s  sur face  s t ruc ture .  
The  co l l ec to r  had a t h in  da rk  depos i t .  Jus t  enough  to  g ive  
t h e  m i r r o r  s u r f a c e  a s l igh t ly  c loudy a 'ppearance .  An x- ray  
d i f f r ac t ion  ana lys i s  r evea led  tha t  t h i s  was  e l emen ta l  W plus a s m a l l e r  
amoun t  of NbC. 
Since the first work   func t ion   measu remen t   gave   an   unusua l ly  
low value for Cs on Nb, probably W and  NbC w e r e  p r e s e n t  
th roughout  the  tes t s .  Some W was  depos i t ed  du r ing  the  ou tgass ing  
and @E m e a s u r e m e n t s .  T h e  p r e s e n c e  of C m u s t  r e f l e c t  a lack  of 
adequa te  c l ean l ines s  in  a s sembl ing  the  conve r t e r .  
CONCLUSIONS 
T h i s   c o n v e r t e r  wi'th a W(110)  emi t te r  and  a N% col lec tor  
deve loped   p rogres s ive ly  less output  power with increasing TE  than 
a similar conve r t e r  w i th  a Ni co l lec tor .  The  co l lec tor  had  a thin 
coat ing of e l e m e n t a l  W and a t r a c e  a m o u n t  of NbC. Since i t  is 
i m p o s s i b l e   t o   c o m p l e t e l y   r e m o v e   o x y g e n   f r o m  a conve r t e r ,  t he  
ac tua l   co l l ec t ing   su r f ace  was p robab ly  W with a mono laye r  of O2 
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covered  wi th  Cs .  A t r a c e  of N b C  w a s  a l s o  p r e s e n t ,  b u t  a p p a r e n t l y  
did not  affect  the operat ion of the  conve r t e r .  It is be l ieved  tha t  the  
s o u r c e  of the  W w a s   t h e  emitter and the C w a s  a con tamina t ion   t ha t  
is d i f f i c u l t  t o  a v o i d .  T h e r e f o r e ,  t h e  o u t p u t  p o w e r  f r o m  t h i s  c o n -  
v e r t e r   m a y   b e   r e p r e s e n t a t i v e  of the   ou tput   to   expec t   f rom  W(110)  -Nb 
c o n v e r t e r s ,  w h e n  p r o c e s s e d  a c c o r d i n g  t o  p r e s e n t  t e c h n i q u e s .  
It is c o n c l u d e d   f r o m   t h e   r e s u l t s  of t h i s   t e s t   d e v i c e   t h a t   m o r e  
work  needs  to  be  done  to  improve  the  c leaning ,  ou tgass ing  and  C s  
fi l l ing of converters .  Fol lowing this  effor t ,  i t  would be desirable  to  
t e s t   fo r   r ep roduc ib i l i t y   t o   be   su re   t ha t   t he   r e su l t s   a r e   no t   i n f luenced  
by  some  uncon t ro l l ed  va r i ab le  such  a s  minor  con tamina t ions .  It is 
r ecogn ized ,  however ,  t ha t  such  a t e s t ing  e f fo r t  wou ld  r ep resen t  a 
f a i r ly   ex t ens ive   deve lopmen t   p rog ram.  
A m i n i m u m  @ of 1. 4 3  eV was  obse rved .  Th i s  va lue  i s  l ow C 
for  Cs  on  Nb and  sugges t s  t he  p re sence  of t h e   W - 0 - C s   s u r f a c e  on 
the  Nb. Var ia t ions  of +C were  obse rved  when  the  co l l ec to r  was a t  
r o o m  t e m p e r a t u r e  o r  a t  800°K but  the  emi t te r  was  co ld .  Wi th  normal  
o-peration of the  conver te r ,  wi th in  a few hours  +c r e t u r n e d   t o  a 
r ep roduc ib le  va lue ,  j udg ing  f rom the  conve r t e r  ou tpu t  vo l t age .  
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T h e  c u r r e n t  d e n s i t y  v e r s u s  v o l t a g e  c u r v e s  ( J - V  c u r v e s )   a r e  
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t u n g s t e n   e m i t t e r   h a v i n g   t h e  ( 1  1 0 )  o r i en ted  p l anes  pa ra l l e l  t o  t he  bu lk  
su r face  and  wi th  a po . lyc rys t a l l i ne  n iob ium co l l ec to r  coa ted  wi th  a 
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